Potential antioxidative activities of enzymatic extracts from seven species of brown seaweeds were evaluated using four different reactive oxygen species (ROS) scavenging assays containing DPPH (1,1-diphenyl-2-pricrylhydrazyl) free radical, superoxide anion, hydroxyl radical and hydrogen peroxide scavenging assay. The brown seaweeds were enzymatically hydrolyzed to prepare watersoluble extracts by using five carbohydrate degrading enzymes (Viscozyme, Celluclast, AMG, Termamyl and Ultraflo) and five proteases (Protamex, Kojizyme, Neutrase, Flavourzyme and Alcalase) of commercial and inexpensive enzymes obtained from Novozyme Co. (Novozyme Nordisk, Bagsvaerd, Denmark). The enzymatic extracts exhibited more prominent effects in hydrogen peroxide scavenging activity (approximately 90%) compared to the other scavenging activities and the activity of enzymatic extracts was even higher than that of the commercial antioxidants. In particular, Ultraflo and Alcalase extracts of S. horneri were dosedependent and thermally stable. Moreover the two enzymatic extracts strongly inhibited DNA damage (approximately 50%). Those extracts showed significantly (p < 0.05) remarkable scavenging effects in DPPH free radical scavenging assay and the activity indicated a marked correlation with phenolic contents. From the results, enzymatic extracts of the brown seaweeds might be valuable antioxidative sources.
Introduction
Reactive oxygen species (ROS) such as superoxide anion (O À 2 ), hydroxyl radical (HO Å ) and hydrogen peroxide (H 2 O 2 ) are physiological metabolites formed during aerobic life as a result of the metabolism of oxygen. DNA, cell membranes, proteins and other cellular constituents are target site of the degradation processes, and consequently induce different kinds of serious human diseases including atherosclerosis, rheumatoid arthritis, muscular dystrophy, cataracts, some neurological disorders and some types of cancer as well as aging (Kovatcheva et al., 2001; Ruberto et al., 2001) . Moreover, ROS are predominant cause of qualitative decay of foods, which lead to rancidity, toxicity and destruction of biomolecules important in physiologic metabolism. However, with safety concerns identified for these synthetic antioxidant (Kitts, 1996; Wichi et al., 1998) , considerable interest has arisen in finding alternative sources of antioxidants for use in food systems and increased in researches regarding natural antioxidants. The use of natural antioxidants has the advantage that the consumer, considered to be safe because of no chemical contamination, readily accepts them and no safety tests are required by the legislation if the food component is Generally Recognized As Safe (GRAS) (Pokorny, 1991) . Hence, the antioxidants are essentially needed in body system and to extend the storage time of food. BHA (butylated hydroxyanisol), BHT (butylated hydroxytoluene) and TBHQ (tert-butyl hydroquinone) are synthetic antioxidants, commonly used to maintain foodstuff, but those have been suspected of toxicity (Ito et al., 1986; Safer and Al-Nughamish, 1999) . Therefore current attention is focusing on natural antioxidants.
Over the past several decades, seaweeds or their extracts have been studied as novel sources which have been shown to produce a variety of compounds and some of them have been reported to possess biological activity of potential medicinal value (Moore, 1978; Konig et al., 1994; Tutour et al., 1998; Satoru et al., 2003) . Recently, much attention has been paid on the anti-tumor activity, anticholesterolemic activity and antioxidant activity of seaweed constituents. Consequently, antioxidant activity is intensively focused due to the currently growing demand from the pharmaceutical industry where there is interest in anti-aging and anticarcinogenic natural bioactive compounds, which possess health benefits. Almost all photosynthesizing plants including seaweeds are exposed to a combination of light and high oxygen concentrations, which lead to the formation of free radicals and other strong oxidizing agents, but they seldom suffer any serious photodynamic damage during metabolism. This fact implies that their cells have some protective antioxidative mechanisms and compounds (Matsukawa et al., 1997) . Seaweeds are considered to be a rich source of antioxidants (Cahyana et al., 1992) . Recently, the potential antioxidant compounds were identified as some pigments (fucoxanthin, astaxanthin, carotenoid e.g.) and polyphenols (phenolic acid, flavonoid, tannins e.g.). Those compounds are widely distributed in plants or seaweeds and are known to exhibit higher antioxidative activities. The activities have been reported through various methods of reactive oxygen species scavenging activity and the inhibition of lipid peroxidation (Yan et al., 1999; Athukorala et al., 2003a,b; Heo et al., 2003a,b; Siriwardhana et al., 2003 Siriwardhana et al., , 2004 .
Many researchers have indicated that ROS and lipid oxidation in food industry can be controlled or minimized, by the addition of commercial synthetic antioxidants or natural antioxidants (Gray et al., 1996) . In this study, we are using selected carbohydrate degrading enzymes and proteases derived from microorganisms. These enzymes can convert water-insoluble seaweeds into water-soluble materials. Enzymatic extracts from seaweeds possess water-solubility and safety, as this method does not adapt any organic solvent or other toxic chemicals. Additionally it has a high yield and high radical scavenging activity in comparison with organic extracts, as shown in the previous report (Heo et al., 2003a) .
In this work, seven species of brown seaweeds were enzymatically hydrolyzed by five carbohydrate degrading enzymes (Viscozyme, Celluclast, AMG, Termamyl and Ultraflo) and five proteases (Protamex, Kojizyme, Neutrase, Flavourzyme and Alcalase) and potential antioxidant activities of the resultant enzymatic extracts were evaluated using four different reactive oxygen species scavenging assays such as DPPH free radical, superoxide anion, hydroxyl radical, hydrogen peroxide scavenging assay and inhibitory effect of DNA damage.
Methods

Materials
Seaweeds were collected along Jeju Island coast of Korea during a period from October 2002 to March 2003. Of the Jeju coastal seaweeds, seven species of brown alga samples were collected, and salt, epiphytes and sand were removed using tap water. Finally the seaweeds were rinsed carefully in freshwater and stored in a medical refrigerator at À20°C. The frozen samples were lyophilized and homogenized with a grinder before extraction. The five carbohydrate degrading enzymes including Viscozyme L, Celluclast 1.5L FG, AMG 300L, Termamyl 120L, Ultraflo L, and the five proteases including Protamex, Kojizyme 500 MG, Neutrase 0.8L, Flavourzyme 500 MG, Alcalase 2.4L FG were donated from Novo Co. (Novozyme Nordisk, Bagsvaerd, Denmark). Their optimum pHs and temperatures, and characterizations of those enzymes were summarized in Table 1 . 1,1-Diphenyl-2-pricrylhydrazyl (DPPH), pyrogallol, 2-deoxyribose, peroxidase, ABTS (2,2 0 -azino-bis(3-ethylbenzthiazoline)-6-sulfonic acid), thiobarbituric acid (TBA), trichloroacetic acid (TCA) were purchased from Sigma Chemical Co. (St. Louis, MO, USA). And other chemicals used were 99% or greater purity.
Preparation of enzymatic extracts from seaweeds
The enzymatic extracts were obtained according to the method used by Heo et al. (2003a) . The seaweed samples were pulverized into powder using a grinder. A hundred ml of buffer solution (Table 1 ) was added to one gram of dried alga, and then a 100 ll (or mg) of the enzyme was mixed. The enzymatically hydrolytic reactions were performed for 12 h to achieve an optimum degree of the hydrolysis. Each sample was clarified by centrifugation at 3000 · g for 20 min to remove the unhydrolyzed residue. Enzymatic extract of seaweed was obtained after filtering the supernatant and was used for four antioxidant activity assays including free radical, superoxide anion, hydroxyl radical and hydrogen peroxide scavenging activity. Concentrations of all the extracts were adjusted to 2 mg/ml. Commercial antioxidants such as a-tocopherol, BHA and BHT, whose concentrations were 2 mg/ml, respectively, were assayed together as controls.
Measurement of extraction yield
Yields of the extracts obtained by enzymatic hydrolysis of seaweeds were calculated by dry weight of hydrolyzed filtrate over dry weight of the seaweed sample used.
Radical scavenging activity
Free radical scavenging activity of the enzymatic extract from seaweed was determined by using a stable free radical, DPPH, according to a slightly modified method of Blois (1958) . DPPH solution was prepared at the concentration of 4 · 10 À4 M in ethanol. During the assay, an enzymatic extract of 0.1 ml was mixed with 2.9 ml DPPH solution. The mixture was incubated in the room temperature for 30 min. After standing for 30 min, absorbance was recorded at 516 nm by UV-VIS spectrophotometer (Opron 3000 Hanson Tech. Co. Ltd., Seoul, Korea). The percentage inhibition was defined by the absorbance at 516 nm in the absence of enzymatic extract to that measured with the sample.
Superoxide anion scavenging activity
Superoxide anion scavenging activity was determined by measuring the inhibition of the auto-oxidation of pyrogallol using a slightly modified method of Marklund and Marklund (1974) . A sample solution (0.3 ml) and 2.61 ml of 50 mM phosphate buffer (pH 8.24) were added into freshly prepared 90 ll of 3 mM pyrogallol (dissolved in 10 mM HCl). The inhibition rate of pyrogallol auto-oxidation was measured at 325 nm. Absorbance of each extract was recorded at every 1 min interval for 10 min and the increment of absorbance was calculated by the difference (the absorbance at 10 min-the absorbance at the starting time).
Hydroxyl radical scavenging activity
Hydroxyl radical scavenging activity was determined according to a slightly modified method of the 2-deoxyribose oxidation method (Chung et al., 1997) . Hydroxyl radical was generated by Fenton reaction in the presence of FeSO 4 AE 7H 2 O. A reaction mixture containing each 0.2 ml of 10 mM FeSO 4 AE 7H 2 O, 10 mM EDTA and 10 mM 2-deoxyribose was mixed with 0.2 ml of the extract solution and 0.1 M phosphate buffer (pH 7.4) was added into the reaction mixture until the total volume reached to 1.8 ml. Then 0.2 ml of 10 mM H 2 O 2 was finally added to the reaction mixture and incubated at 37°C for 4 h. After incubation, each 1 ml of 2.8% TCA (trichloroacetic acid) and 1.0% TBA (thiobarbituric acid) were added. Then, the mixture was placed in a boiling water bath for 10 min. Absorbance was measured at 532 nm.
Hydrogen peroxide scavenging activity
Hydrogen peroxide scavenging activity was determined according to the method of Mü ller (1985) . A hundred ll of 0.1 M phosphate buffer (pH 5.0) and the sample solution were mixed in a 96 microwell plate. A 20 ll of hydrogen peroxide was added to the mixture, and then incubated at 37°C for 5 min. After the incubation, 30 ll of 1.25 mM ABTS and 30 ll of peroxidase (1 unit/ml) were added to the mixture, and then incubated at 37°C for 10 min. The absorbance was read with an ELISA reader at 405 nm. 
Determination of total phenolic content
Phenolic contents were determined using a protocol similar to Chandler and Dodds (1983) described by Shetty et al. (1995) . Each 1 ml of seaweed enzymatic extracts, 1 ml of 95% EtOH, 5 ml of distilled water, and 0.5 ml of 50% Folin-Ciocalteu reagent (Sigma Chemical, St. Louis, MO) were mixed. The mixtures were allowed to react for 5 min, and then 1 ml of 5% Na 2 CO 3 was added, and the mixture was thoroughly mixed and placed in the dark for 1 h. Absorbance was measured at 725 nm and gallic acid standard curve was obtained for the calibration of phenolic content.
Isolation and cryoconservation of human peripheral lymphocytes
Blood samples were obtained from two healthy male volunteers (non-smokers, 27 and 35 years old, respectively). A 5 ml of fresh whole blood was added to 5 ml of phosphorous buffered saline (PBS) and layered onto 5 ml of Histopaque 1077. After centrifugation for 30 min at 400 · g at room temperature, the lymphocytes were collected from the just above the boundary with the Histopaque 1077, washed with 5 ml PBS. Finally they were resuspended in freezing medium (90% fetal calf serum, 10% dimethyl sulfoxide) at 6 · 10 6 cells/ml. The cells were frozen to À80°C using a Nalgene Cryo 1°C freezing container and then stored in liquid nitrogen. The cells were thawed rapidly prior to each experiment in a water bath at 37°C.
Incubation of lymphocytes
Each lyophilized extract was dissolved in PBS and diluted into concentrations 0, 1, 10, 25 and 50 lg/ml. A diluted extract aliquot of 1 ml with a lymphocyte suspension containing 2 · 10 4 cells/ml was incubated for 60 min at 37°C in a dark incubator together with the untreated control sample. After preincubation, samples were centrifuged at 2000 · g for 5 min at 4°C. The incubated cells were resuspended in PBS with 50 lM hydrogen peroxide (H 2 O 2 ) for 5 min on ice. The untreated control sample was resuspended only in PBS without H 2 O 2 . Cells were centrifuged as described above and then washed with 1 ml PBS. All the experiments were repeated twice with lymphocytes from each of two donors.
Determination of DNA damage (Comet assay)
The alkaline comet assay was conducted according to Singh et al. (1995) with slight modification. The cell suspension was mixed with 75 ll of 0.5% low melting agarose (LMA), and added to the slides precoated with 1.0% normal melting agarose (NMA). After solidification of the agarose, slides were covered with another 75 ll of 0.5% LMA and then immersed in lysis solution (2.5 M NaCl, 100 mM EDTA, 10 mM Tris, and 1% sodium laurylasarcosine; 1% Triton X-100 and 10% DMSO) for 1 h at 4°C. The slides were next placed into an electrophoresis tank containing 300 mM NaOH and 10 mM Na 2 EDTA (pH 13.0) for 40 min for DNA unwinding. For electrophoresis of the DNA, an electric current of 25 V/300 mA was applied for 20 min at 4°C. The slides were washed three times with a neutralizing buffer (0.4 M Tris, pH 7.5) for 5 min at 4°C, and then treated with ethanol for another 5 min before staining with 50 ll of ethidium bromide (20 lg/ml). Measurements were made by image analysis (Kinetic Imaging, Komet 5.0, UK) and fluorescence microscope (LEICA DMLB, Germany), determining the percentage of fluorescence in the tail (tail intensity, TI; 50 cells from each of two replicate slides).
Statistical analysis
Data were analyzed using the SPSS package for Windows (Version 10). Values were expressed as mean ± standard error (SE). The mean values of the tail intensity from each treatment were compared using one-way analysis of variance (ANOVA) followed by DuncanÕs multiple range test. P-value of less than 0.05 was considered significant.
Results
Radical scavenging activity
Free radical scavenging ability of various enzymatic extracts from seven species of brown seaweeds was evaluated with the change of absorbance caused by the reduction of DPPH radical. The percentage scavenging activity of each extract against DPPH was shown in Tables 2 and 3. Significant differences in the activities among different seaweed species and among different enzymatic extracts were observed. The extracts prepared by enzymatic hydrolysis of E. cava indicated strong free radical scavenging effects, except for Ultraflo, Flavourzyme and Alcalase extracts, and particular activity levels of the enzymatic extracts reached around 70%. Most enzymatic extracts from the seaweeds, except the extracts of E. cava, showed poor free radical scavenging effects. The enzymatic extracts from E. cava having around 70% scavenging activities were inferior to the commercial antioxidants such as a-tocopherol, BHA and slightly superior to BHT.
Superoxide anion scavenging activity
Superoxide anion scavenging activity of the seaweed enzymatic extracts was measured using the pyrogallol auto-oxidation system and the results were expressed as inhibitory rate of the superoxide productivity. As shown in Tables 2 and 3 , each seaweed enzymatic extract possessed different activities and some extracts showed relatively higher activity than the commercial antioxidants. E. cava Termamyl extract indicated the highest scavenging activity of 68% over the other seaweed enzymatic extracts. Of the brown seaweeds used for this work, all the enzymatic extracts from S. horneri exhibited the highest inhibitory rate and were superior to the commercial antioxidants. S. fulvellum, S. thunbergii, and Scytosiphon lomentaria enzymatic extracts also indicated relatively prominent superoxide scavenging effects. From the result, most Termamyl extracts from all the seaweeds exhibited a positive effect (except S. coreanum), while most Alcalase extracts exhibited a negative effect (except E. cava).
Hydroxyl radical scavenging activity
Scavenging activity of the enzymatic extracts from seaweeds against hydroxyl radical was investigated using Fenton reaction (Fe and these results were expressed as an inhibition rate. Most seaweed enzymatic extracts tested possessed week hydroxyl radical scavenging effects. Only S. fulvellum Alcalase extract recorded around 50% of hydroxyl radical scavenging activity. This inhibitory rate was inferior to those of the commercial antioxidants such as a-tocopherol and BHA and similar to that of BHT.
Hydrogen peroxide scavenging activity
Hydrogen peroxide scavenging activity of the seaweed enzymatic extracts were showed in Tables 2 and   3 . As shown in the results, remarkable scavenging effects of the seaweed enzymatic extracts were observed in hydrogen peroxide scavenging assay, compared to the other scavenging assays. Several extracts yielded approximately 90% scavenging activities. In particular I. okamurae Kojizyme extract recorded the highest activity (approximately 96%) and Ultraflo and Alcalase extracts of S. hornerialso exhibited relatively higher scavenging activities (approximately 90%). Moreover, all the enzymatic extracts of E. cava obtained by hydrolyses of the different proteases and the different carbohydrate degrading enzymes were in the range of 60% to 90% scavenging activity. It revealed that these scavenging effects were superior to those of the commercial antioxidants such as a-tocopherol, BHA and BHT (around 64.11%, 67.37% and 50.32%, respectively). Based on Fig. 1 it appears that hydrogen peroxide scavenging activities of Ultraflo extract among the carbohydrate degrading enzyme extracts and Alcalase extract among the protease extracts from S. horneri were dose-dependent and reached approximately 90% at the concentration of 8 mg/ml. Thermal stabilities of Alcalase and Ultraflo extracts from S. horneri were investigated at 40, 60 and 100°C according to the heating time (Figs.  2 and 3) . Those extracts remained about 90% of their respective original activities after 24 h heating at 100°C. However Alcalase extract of S. horneri indicated a slight reduction (about 20% after 24 h at 100°C).
Determination of DNA damage
The DNA damage inhibitory effect of respective Ultraflo and Alcalase extracts from S. horneri, which were selected from the results of colorimetric assay by chemical reaction was investigated using comet assay (Figs. 4-6 ). Each sample (Ultraflo and Alcalase extract of S. horneri) showed strong inhibitory effects against DNA damage not only at a high concentration (50 lg/ ml) but also at a low concentration (1 lg/ml). In DNA damage inhibitory effect of both Ultraflo and Alcalase extracts of S. horneri, the damage was significantly inhibited at the concentration of 25 lg/ml or higher and indicated the inhibitory activities more than 50%. Photomicrographs of different DNA migration profiles obtained from human lymphocytes, when treated with different concentrations of the extracts are shown in Fig. 6 . In the group treated with only hydrogen peroxide, the DNA was completely damaged but the addition of S. horneri enzymatic extract with hydrogen peroxide reduced the damage caused by hydrogen peroxide. In the application of samples at different concentrations (0-50 lg/ml) the DNA migration changed with the increment of the concentrations. Especially, the highest concentration (50 lg/ml) of the extract indicated strong protecting effect against DNA damage, as compared to the control group.
Discussion
In the present study, we focused on natural watersoluble antioxidants from seaweeds, which prepared by enzymatic hydrolysis using different carbohydrate degrading enzymes and proteases, and their antioxidant effects were evaluated in three different reactive oxygen species assays including superoxide anion, hydroxyl radical, hydrogen peroxide and free radical (DPPH) scavenging assays.
DPPH is a free radical donor, which has been widely used to evaluate the free radical scavenging effect of natural antioxidants (Matsukawa et al., 1997; Jao and Ko, 2002) . Some enzymatic extract from E. cava exhibited higher radical scavenging activities, especially Celluclast extract among the five carbohydrate degrading enzymes and Protamex extract among the five proteases indicated about 70%, and those were even higher than the activity of BHT. Many researchers have been reported positive correlation between free radical scavenging activity and total phenolic compound. Oki et al. (2002) observed that the radical scavenging activity increased with the increase of phenolic compound content. The two studies conducted by Lu and Foo (2000) and Siriwardhana et al. (2003) reported a high correlation between DPPH radical scavenging activities and total polyphenolics (0.971). In this study, some enzymatic extracts of E. cava and S. coreanum (especially Alcalase extract) did not possess antioxidant activity, although they contained as much phenolic compounds as the other extracts of E. cava. It is thought that other materials in seaweed extracts, such as small molecular weight polysaccharides, pigments, proteins or peptides, may influence the activity.
Superoxide anion (O ÅÀ 2 ) is formed in viable cells during several biochemical reaction (Fridovich, 1974) and its effect can be magnified because it produces other types of free radicals and oxidizing agent that can induce cell damage (Lui and Ng, 1999) . In this study, some enzymatic extracts showed higher superoxide anion scavenging activities than the commercial antioxidant such as a-tocopherol, BHA and BHT. In particular E. cava Termamyl extract indicated the highest superoxide anion scavenging activity (around 68%). Studies on seaweeds concerning superoxide anion scavenging activity are of increasing interest due to the harmful reactivity of superoxide anion (Nagai and Yukimoto, 2003) recorded a significant superoxide anion scavenging activity for a beverage made of Hizikia fusiformis, a brown seaweed and Athukorala et al. (2003a) reported a highly effective superoxide anion scavenging activity in a edible red seaweed, Grateloupia filicina.
Hydroxyl radical scavenging activity of enzymatic extracts from seaweed was measured as the percentage of inhibition of hydroxyl radicals generated in the Fenton reaction mixture. Most of the seaweed enzymatic extracts indicated less activities than 40%, except for S. fulvellum Alcalase extract (around 47%). The celldamaging action of hydroxyl radical is well known, as it is the strongest among free radicals (Koppenaol and Liebman, 1984) . Some seaweed extracts have exhibited positive effects on hydroxyl radical, reached around 60% (Estrada et al., 2001; Siriwardhana et al., 2003) . However, according to this experiment, enzymatic extracts of seaweed possessed little effect on scavenging the hydroxyl radical.
Hydrogen peroxide together with reactive oxygen species (ROS) can damage several cellular components. Hydrogen peroxide is relatively an unstable metabolic product being responsible for the generation of hydroxyl radical and singlet oxygen, which is formed by fenton reaction and initiate lipid peroxidation or be toxic to cells. Many species of seaweed possess scavenging ability of hydrogen peroxide (Athukorala et al., 2003a; Siriwardhana et al., 2003) , however the scavenging effects are less than enzymatic extracts. The seaweed enzymatic extracts showed the most effective antioxidant activity in hydrogen peroxide scavenging assay, as compared to the other reactive oxygen species scavenging activities (superoxide anion, hydroxyl radical and free radical scavenging activity). Especially I. okamurae Kojizyme extract reached approximately 96%, whose value is significantly higher than the commercial antioxidants. The activity of the two enzymatic extracts (S. horneri Ultraflo and Alcalase extracts) were dose-dependent. Also the scavenging activities were rapidly increased up to 2 mg/ml concentration but slowly increased in concentrations over 2 mg/ml (Fig. 1) . In particular these enzymatic extracts have optimal heat stabilities (Figs. 2 and 3). At 100°C only slight reduction was observed in the remaining activity and other heat treatments with temperatures less than 100°C showed very similar scavenging activities to the activity of the sample without heating. These results suggest that the enzymatic extracts consist of very effective heat stable antioxidant compounds. The measurement of H 2 O 2 scavenging activity is one of the useful methods determining the ability of antioxidants to decrease the level of prooxidants such as H 2 O 2 (Czochra and Widensk, 2002) . The hydrogen peroxide scavenging effect and thermal stability of the seaweed antioxidants suggest their potential as an optimal antioxidative source. DNA damage is known to be one of the most sensitive biological markers for evaluating oxidative stress representing the imbalance between free radical generation and efficiencies of the antioxidant system (Gutteridge, 1995; Kassie et al., 2000) . Recently, a more useful approach called comet assay (single cell gel electrophoresis), which is a rapid and sensitive fluorescence microscopic method for detection of primary DNA damage on the individual cell level, is extensively used to evaluate the genotoxicity of test substances (Olive et al., 1990; Fairbairn et al., 1995) . In this investigation, S. horneri Ultraflo and Alcalase extract exhibited strong hydrogen peroxide scavenging activities. The prominent result recorded in comet assay is an agreement with remarkable H 2 O 2 scavenging ability of the S. horneri enzymatic extracts in chemical reaction assay. Both extracts (Ultraflo and Alcalase extract of S. horneri) with higher concentrations than 25 lg/ml protected at least more than 50% of DNA damage, caused by an addition of 50 lM H 2 O 2 to human lymphocyte cells. Several studies have shown that increasing materials (environmental pollutants, radiation, dietary habits and various chemicals) induced DNA damage, which can lead to the diseases such as cancer and heart disease (Hertog et al., 1993; Hartmann et al., 1995; Singh et al., 1995) . Also many researchers have investigated on inhibition of DNA damage by food materials such as tea (Zhang et al., 2002) , juice (Park et al., 2003) , plant extract (Yen et al., 2001; Zhu and Loft, 2001) , flavonoid (Senthilmohan et al., 2003) and aquatic animals (Janssens et al., 2002) . The cells of the human body are continuously attacked by physical agents (such as solar radiation), a variety of chemical compounds and reactive oxygen species, which arise as natural by-products of metabolic process. These substances can induce the DNA damage. If those DNA damages are not repaired, those can initiate cascade of biological consequences at the population and also could promote cancer development via several mechanisms (Bagchi et al., 2000) .
Conclusions
In the present study, we used enzymatic extracts from seaweeds as a potential natural water-soluble antioxidative source and confirmed free radical, superoxide anion, hydroxyl radical, hydrogen peroxide scavenging activities and inhibitory effect of DNA damage. Some seaweed enzymatic extracts indicated relatively higher antioxidant activities, as compared to commercial antioxidants such as a-tocopherol, BHA and BHT. In particular, hydrogen peroxide scavenging activity of many seaweed enzymatic extracts was predominant (approximately 90%) and those samples showed significant inhibitory effect against DNA damage. Therefore enzymatic extracts from seaweeds can be used in food and pharmaceutical industry. Further studies are required in order to identify the antioxidant compounds being responsible for the results observed in this study.
